Background. Many studies have shown that long noncoding RNAs (lncRNA) are closely associated with the occurrence and development of various tumors and have the potential to be prognostic markers. Moreover, cirrhosis is an important prognostic risk factors in patients with liver cancer. Some studies have reported that lncRNA-related prognostic models have been used to predict overall survival (OS) and recurrence-free survival (RFS) in patients with hepatocellular carcinoma (HCC). However, no one has constructed a prognostic lncRNA model only in patients with cirrhotic HCC. Thus, it is necessary to screen novel potential lncRNA markers for improve the prognosis of cirrhotic HCC patients. Methods. The probe expression profile dataset (GSE14520-GPL3921) from the Gene Expression Omnibus (GEO), which included 204 cirrhotic HCC samples, was reannotated and the lncRNA and mRNA expression dataset was obtained. The patients were randomly assigned to either the training set (n = 103) and testing set (n = 100). Univariate cox regression and the least absolute shrinkage and selection operator (LASSO) model were applied to screen lncRNAs linked to the OS of cirrhotic HCC in the training set. The lncRNAs having significant correlation with OS were then selected and the multivariate Cox regression model was implemented to construct the prognostic score model. Whether or not this model was related to RFS in the training set was simultaneously determined. The testing set was used to validate the lncRNA risk score model. A risk score based on the lncRNA signature was used for stratified analysis of different clinical features to test their prognostic performance. The prognostic lncRNArelated protein genes were identified by the co-expression matrix of lncRNA-mRNA, and the function of these lncRNAs was predicted through the enrichment of these co-expression genes. Results. The signature consisted of four lncRNAs:AC093797.1,POLR2J4,AL121748.1 and AL162231.4. The risk model was closely correlated with the OS of cirrhotic HCC in the training cohort, with a hazard ratio (HR) of 3.650 (95% CI [1.761-7.566]) and log-rank P value of 0.0002. Moreover, this model also showed favorable prognostic significance for RFS in the training set (HR: 2.392, 95% CI [1.374-4.164], log-rank P = 0.0015). The predictive performance of the four-lncRNA model for OS and RFS was verified in the testing set. Furthermore, the results of stratified analysis revealed that the four-lncRNA model was an independent factor in the prediction of OS and RFS of patients with clinical characteristics such as TNM (Tumor, Node, Metastasis system) stages I-II, Barcelona Clinic Liver Cancer (BCLC) stages 0-A, and solitary tumors in both the training set and testing set. The results of functional prediction showed that
nucleotides, which play various important roles in malignant tumors (Ma et al., 2017) . The lncRNAs reportedly play a role in various biological processes, including cell proliferation, apoptosis, metastasis, and microvascular changes, and exhibit stem cell-like properties (Yuan et al., 2012; Wang et al., 2014; Cui et al., 2015; Ma et al., 2016) . Several studies have demonstrated that lncRNAs contribute to the stratification of prognosis for patients with liver cancer (Liao et al., 2018; Zhao et al., 2018; Gu et al., 2018) . For example, Yan et al. (2019) stratified the prognosis of HCC based on the seven-lncRNA signature, and the overall survival of the high-risk group was significantly lower than that of the low-risk group. Currently, a lncRNAs signature is absent for stratification of prognosis in patients with cirrhotic hepatocellular carcinoma. Some studies indicate that the knockdown of lncRNA SUMO1P3 can inhibit the growth and invasion of hepatocellular carcinoma and enhance its radiotherapy sensitivity (Zhou et al., 2019) . This suggests that lncRNA can be a potential target for the treatment of hepatocellular carcinoma. Therefore, this study aims to further explore the prognostic biomarkers of the pathogenesis of cirrhotic HCC by analyzing microarray, and to provide some potential targets for the biological treatment of HCC.
MATERIALS & METHODS
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The following information was supplied regarding data availability: Raw data were generated in the study. All original data in this study were downloaded from the public databases GEO (https://www.ncbi.nlm.nih.gov/geo/). For the four-lncRNA signature identification, we used GSE14520.
Probe reannotation and preparation of gene expression profiles
The GSE14520 expression profiles and clinical information analyzed in this study were derived from the GEO database (https://www.ncbi.nlm.nih.gov/geo/). To consider the expression and function of lncRNAs in the probes of HCC, the probes of the Affymetrix HT Human Genome U133A Array were reannotated to obtain the lncRNA and mRNA co-expression matrix using the following steps. Firstly, the Affymetrix HT Human Genome U133A Array probe was mapped to the gencode annotation file (Gencode.v29. transcripts, FASTA format,09/27/2018). Information about specific probe set annotation included the probe set ID, Ensemble ID, probe sequence, among other data. Secondly, the probe sets that were allocated to the Ensemble gene IDs in the gencode annotations were acquired. Human coding and noncoding gene annotation files (Homo_sapiens.GRCh38.95.chr.gtf.gz,GTF format,11/25/2018) from the Ensemble database were used to extract the matching information of gene ID and gene symbol. The Ensemble IDs of the probes were then assigned gene IDs, and only those annotated as ''protein coding,'' ''antisense,'' ''sense intronic,'' ''bidirectional promoter lncRNA,'' ''lincRNA,'' ''non-coding,'' ''macro lncRNA,'' ''processed transcript,'' ''3 overlapping ncRNA,'' and ''sense overlapping'' were retained. In addition, probes that corresponded to multiple Ensemble IDs were removed. Finally, 12,096 protein-coding transcripts and 610 lncRNA transcripts (different probe IDs may have corresponded to the same transcript) were reannotated.
The GSE14520 probe expression profile from the GEO database was annotated by the reannotated GPL3921 (Affymetrix HT Human Genome U133A Array), including 225 tumor samples and 220 paired non-tumor tissue samples. Among them, the survival information of 203 patients was obtained from the dataset of GSE14520. If multiple probes corresponded to the same gene, the final expression of the gene was determined by the arithmetic mean of multiple probes. The gene expression profile of GSE14520 was normalized by the limma software package. Normalization was performed using the normalizeBetweenArrays function in the limma package (Bolstad et al., 2003) . The inclusion criteria were as follows: pathologically confirmed HCC tissues, and patients with liver cirrhosis, and complete follow-up survival information, including overall survival (OS) and recurrence-free survival (RFS 
Data and clinical characteristics
All 204 patients with liver cancer from the GSE14520 of the GEO database had complete survival information and were included in the study. These patients were randomly divided into the training set (n = 103) and testing set (n = 100) using the R caret software package. The clinical parameters of the two groups of patients are presented in Table 1 .
Construction of lncRNA expression-based prognostic signature
Univariate Cox regression analysis was used to screen for significant prognostic lncRNAs in the training set. A P value <0.05 was selected as the threshold for candidate lncRNAs. Candidate prognostic lncRNAs were further reduced by least absolute shrinkage and selection operator (LASSO) regression. The principle of LASSO regression is to eliminate some variables through penalty rules, and ultimately leave all potential predictors with a non-zero coefficient (Gao, Kwan & Shi, 2010) . The penalty argument lambda was determined by the cross-validation method using the R glmnet software package. Lambda.min, the lambda value corresponding to the minimum value of the cross-validation error mean, was identified to determine the potential prognostic lncRNAs (Tibshirani, 1997) . Each ''significant'' lncRNA obtained in the above steps were then fitted into a multivariate Cox regression model, and lncRNAs associated with independent prognostic criteria were selected. The prognostic risk formulas were formed, based on the expression level of those remaining eligible lncRNAs multiplied by the multivariate Cox regression coefficient. Risk scores for each sample were calculated using the risk score formula, and patients were divided into high-risk and low-risk groups based on the median risk score of the training cohort as the cutoff value. The same formulas and cutoff values were used to calculate the risk score and risk grouping for patients in the testing set (Zhao et al., 2018) . A Kaplan-Meier survival curve and log-rank test were used to analyze the overall survival (OS) and recurrence-free survival (RFS) of patients in the high-risk and low-risk groups in both the training and testing set . A receiver operating characteristic (ROC) curve plotted with the survivalROC software package (version 1.0.3) was adopted to evaluate the specificity and sensitivity of the survival prediction (Heagerty, Lumley & Pepe, 2000) . Both ROC and Kaplan-Meier survival curves were constructed with the R studio software (version 3.5.1). A P value < 0.05 was deemed statistically significant.
Functional enrichment analyses
In order to obtain the lncRNA-mRNA co-expression pair, we conducted Pearson correlation analyses between the four lncRNAs identified and the expression profile of the protein-coding genes of the discovery set. The protein-coding genes with a correlation coefficient >0.4 and P < 0.001 were recognized as the four lncRNA-associated genes. The correlated mRNAs were evaluated by functional enrichment analysis to explore the functions of the four prognostic lncRNAs using the clusterProfiler (version 3.10.1) and org.Hs.eg.db (version 3.7.0) package (Yu et al., 2012) . Significantly enriched Gene Ontology (GO) terms and Kyoko Encyclopedia of Genes and Genomes (KEGG) pathways with a P value <0.05 and q value <0.05 were visualized using the R studio (version 3.5.1) software.
Statistical analysis
The prognostic ability of the four-lncRNA signature under different clinical parameters was analyzed by Kaplan-Meier survival analysis, to determine which population is most suited for this prognostic model. The survival curve was drawn using the R survminer software package. Statistical analyses were conducted using the SPSS software (version 24.0) and R studio (version 3.5.1).
RESULTS
Construction of risk prognostic scoring system in the training set
The exploration process of this study is shown in Fig. 1 . Firstly, 610 lncRNAs were initially screened in the training set (Table S1) , and 35 potential OS-related lncRNAs were obtained by a univariate Cox risk regression model (Table S2 ) (P < 0.05). The remaining lncRNAs were further selected using LASSO regression analysis, and crossvalidation was used to select the penalty parameters ( Figs. 2A-2B ). Five lncRNAs were identified by lambda.min value (Table S3 ). The lncRNAs obtained in the above steps were inserted into the multivariate Cox regression model. The expression values of four independent prognostic lncRNAs (P value <0.05) and their correlation coefficients in a multivariate regression model were then used to construct prognostic signatures. Detailed information and the significance of survival prediction by the four lncRNAs are presented in Table 2 . Risk score = (expression quantity of AC093797. 1× -0.4818) + (expression quantity of AL121748. 1× 0.4404) + (expression quantity of AL162231. 4× 1.2845) + (expression quantity of POLR2J 4 × −1.5170).
The risk score formula in the training set was used to calculate the risk score of each patient. The median score for all patients in the training set was deemed the cutoff value, and facilitated the division of patients into a high-risk group (n = 51) and low-risk group (n = 52) ( Table S4 ). Patients of the training group were ranked in ascending order of risk score (Fig. 3A) . Moreover, the expression profiles of the four lncRNAs were plotted on a heatmap (Fig. 3B) . In addition, a scatter plot was constructed to show the OS status and recurrence status of patients (Figs. 3C-3D ). The high-risk group had a worse prognosis than the low-risk group in terms of OS and RFS. The prognosis of the high-risk group was compared with that of the low-risk group using Kaplan-Meier curve analysis. The 
Prognostic performance of the four-lncRNA signature in the testing set
To further assess the prognostic significance of the four-lncRNA signature, internal validation was performed in a group of 100 patients from the testing set. The established formula for the training set was used to calculate the patient risk score for the testing set. The same cutoff value used for the training set was also used to divide the testing set into high-risk (n = 44) and low-risk cohorts (n = 56) (Table S5 ). Kaplan-Meier survival analysis was also performed in the testing set. As shown in Figs. 5A -5B, the four-lncRNA signature showed favorable prognostic value in differentiating the risk stratification of death (HR: 2.475, 95% CI [1.347-4.547], log-rank P = 0.0015) and recurrence (HR: 2.245, 95% CI [1.349-3.736], log-rank P = 0.0014) in patients. The ROC curve was used to analyze the predictive power of risk models in the validation group for 5-year OS (Fig. 5C ) and RFS (Fig. 5D) . The OS and RFS of patients in the testing group were plotted (Figs. 5E-5F). These results suggested that the four-lncRNA signature in patients with cirrhotic HCC has considerable potential in predicting OS and RFS.
Stratification analysis
To explore the different clinical characteristics for which the four-lncRNA model is applicable, we conducted subgroup analyses of OS and RFS on patients of both the training set and testing set. The risk grouping principle was based on the median four-lncRNA risk score of the training set. Subgroup analyses combining the training and validation sets showed that the risk score model based on the four-lncRNA signature was more appropriate for patients with the following characteristics: BCLC stages 0-A, solitary 
Functional enrichment analyses
Firstly, the co-expression matrix of the four lncRNAs and 12,100 protein-coding genes were extracted from 204 patients with tumor tissue gene expression profile data from GSE14520. The correlation between lncRNAs and protein-coding genes was analyzed. The significantly correlated protein-coding genes (Pearson coefficient >0.4, P < 0.001) were used for GO analysis (Table S6 ) and KEGG enrichment analysis (Table S7) to determine the potential mechanism of the four lncRNAs in regulating HCC. Functional enrichment analysis was conducted with the R org.Hs.eg.db (version 3.7.0) and clusterProfiler (version 3.10.1) package (Yu et al., 2012) . The first 25 significant GO terms (P < 0.05, q < 0.05) (Fig. 8A ) and first 25 significant KEGG pathways (P < 0.05, q < 0.05) (Fig. 8B) were charted using the R software (version 3.5.1). The results of GO analysis revealed that four-lncRNA-related functions showed enrichment in protein-coding genes involved in a large group of GO terms, including those associated with transmembrane transport, redox reactions, and fatty acid metabolism. Furthermore, KEGG analysis showed significant associations with a series of enriched pathways, including the peroxisome proliferator-activated receptor (PPAR) signaling pathway, amino acid metabolism, fatty acid metabolism, and chemical carcinogenesis.
DISCUSSION
Currently, the popularity and wide application of gene microarray technology has presented considerable convenience to researchers who attempt to develop prognostic biomarkers of tumors. A large number of studies have confirmed that lncRNAs play an indispensable role in the proliferation, metastasis, metabolic regulation, and drug resistance of various tumors (Pan et al., 2016; Kia et al., 2019; Liu et al., 2019; Schwarzenbacher et al., 2019; Zheng et al., 2019) . Therefore, their performance in determining the prognosis of various tumors has drawn widespread interest. The significance of prognostic signatures based on lncRNA expression has been demonstrated in various tumors, including those of head and neck squamous cell carcinoma (Cao et al., 2017) , gastric cancer (Song et al., 2017) , breast cancer , cervical squamous cell carcinoma (Mao et al., 2018) , and HCC (Song et al., 2017) . For example, RGMB-AS1 plays an anti-tumor role by regulating a variety of biological processes in HCC cells (Sheng et al., 2018) . Many unknown functional lncRNAs are yet to be explored. Moreover, cirrhosis of the liver is often associated with liver cancer, and more than 80% of patients with liver cancer have cirrhosis (Affo, Yu & Schwabe, 2017) .
To explore new prognostic lncRNAs in patients with cirrhotic HCC, patients with HCC and liver cirrhosis were included as subjects of the present study, and the lncRNA expression profile and clinical information were extracted from the GEO database for a comprehensive analysis. We developed a prognosis formula for cirrhotic HCC based on the four lncRNAs, including AC093797.1, AL121748.1, AL162231.4, and POLR2J4, and verified it in the testing set. Patients were divided into high-risk and low-risk groups according to the prognostic signature score. Kaplan-Meier analysis confirmed that the four-lncRNA signature has favorable OS and RFS prediction ability and could be considered a new prognostic biomarker. Stratified analysis was used to assess the prognostic performance of this signature in patients with different clinical characteristics. We found that the four-lncRNA signature was significantly correlated with OS and RFS in patients with specific characteristics, including TNM stages I-II, solitary tumors, and BCLC stages 0-A. The selection of appropriate treatment methods is of prime importance for improving the prognosis of patients with early liver cancer (Vitale et al., 2017) . In addition, the results of a relevant meta-analysis showed that liver transplantation had a higher OS rate and lower recurrence rate than hepatectomy among patients with liver cancer and Child-Turcotte-Pugh class A cirrhosis (Zheng et al., 2014) . Although liver transplantation can achieve a better prognosis, it is especially important to be selective in determining the candidates for this procedure, owing to a shortage of donor livers. Our four-lncRNA label can help clinicians to predict and stratify the prognosis of patients after surgery, and implement reasonable treatment programs.
Among the four lncRNAs, AC093797.1 and POLR2J4 were risk factors for liver cancer, whereas the other two were protective factors (AL121748.1 and AL162231.4). With the exception of POLR2J4, the lncRNAs were deemed prognostic markers of liver cancer for the first time, to our knowledge. Their function in HCC is unclear, and we determined their potential biological function through function enrichment analysis of related proteins. The GO enrichment analysis showed that the four lncRNA-related protein-coding genes were mainly involved in lipid metabolism and glycolysis, including fatty acid ligase activity, long-chain fatty acid-CoA ligase activity, oxidoreductase activity, and CoA ligase activity, among other processes. The KEGG pathway analysis showed that most genes were enriched in fatty acid and amino acid metabolism. This indicates that the four lncRNAs may be potentially involved in tumorigenesis and the development of tumors through the regulation of metabolism. At present, tumor metabolism is one of the more popular topics in tumor research. Some studies have reported that lncRNAs can affect tumor metabolism through a variety of methods, such as by regulating oncogenes, tumor suppressor factors, and crucial transcription factors to affect tumor growth (Liu et al., 2019) . Thus, lncRNAs are expected to be targets for future tumor treatment. The specific mechanism of the four lncRNAs in the present study in the regulation of tumor metabolism still needs to be further clarified in cell and animal experiments.
This study is a preliminary study that explored the prognosis of cirrhotic HCC. The data of only a single liver cancer cohort were included in the GEO database that was used to develop and verify the lncRNA signature. In addition, an independent external validation set of larger samples to verify the reliability of the model is lacking. Moreover, further experimental studies to verify the potential functions of the four lncRNAs are also lacking. Nevertheless, the four-lncRNA signature developed, based on the expression of lncRNA from the GEO database, has the potential to become a new and highly effective biomarker for patients with cirrhotic HCC. The present study lays the foundation for further exploration of prognostic markers in patients with early HCC.
CONCLUSIONS
In summary, we identified four potential lncRNAs biomarkers associated with prognosis in cirrhotic HCC, and constructed a risk score model. Patients in the high-risk group had lower overall survival and relapse-free survival than those in the low-risk group. Based on stratification analysis, the prognostic risk model might have ability to predict OS and RFS in cirrhotic HCC patients with BCLC stages 0-A, solitary tumors, and Tumor, Node, Metastasis system (TNM) stages I-II. Moreover, the four new lncRNAs identified could be used as potential therapeutic targets.
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